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A STACKING STRUCTURE FOR SEMICONDUCTOR 
DEVICES USING A FOLDED OVER FLEXIBLE 
SUBSTRATE AND METHOD THEREFOR 

Akito Yoshida 

FIELD OF THE INVENTION 

This invention relates to semiconductor devices and, more specifically, to a 
stacking structure for semiconductor devices which uses a folded over flexible substrate and a 
method therefor. 

BACKGROUND OF THE INVENTION 

As electronic devices get smaller, the components within these devices must get 
smaller as well. Because of this, there has been an increased demand for the miniaturization of 
components and greater packaging density. Integrated Circuit (IC) package density is primarily 
limited by the area available for die mounting and the height of the package. One way of 
increasing the density is to stack multiple die or packages vertically in an IC package. Stacking 
multiple die or packages will maximize function and efficiency of the semiconductor package. 

One method of stacking multiple die in an IC package is to use a folded over 
flexible substrate. In this method, a die and the other die are placed side by side on a flexible 
substrate. The flexible substrate is then folded over and the portion where the other die is 
placed covers the entire top surface of the die. In the case of more than two dies, the method is 
the same. 


W2K1077 


-1- 


The above method is the current way of producing IC packages having multiple 
stacked die using a flexible substrate. However, there are several problems associated with 
using flexible substrates for producing IC packages having multiple stacked die. One problem 
is cost. Two metal layer flexible substrate tape is very expensive to use making certain 
5 packages cost prohibitive to the end user/client. Second, under current methods, connect 
density between dies is dramatically lower using a folded over substrate. 

Therefore, a need existed to provide a device and method to overcome the above 

problem. 

□ 
O 

5| SUMMARY OF THE INVENTION 

*J1 A semiconductor package and method of producing the same has a semiconductor 

s device. A flexible substrate is coupled to a bottom surface of the semiconductor device. The * 
mJ flexible substrate is folded over on at least two sides to form flap portions. The flap portions are 

ru 

5f coupled to an upper surface of the first semiconductor device and covers only a portion of the 

Si 

15 upper surface of the semiconductor device. 

The present invention is best understood by reference to the following detailed 
description when read in conjunction with the accompanying drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 A is an elevated perspective view of one embodiment of the stacking 

structure of the present invention; 
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Figure IB is an elevated perspective view of another embodiment of the stacking 
structure of the present invention; 

Figure 2 is an elevated perspective view of another embodiment of the stacking 

structure of the present invention; 

Figure 3 A is an elevated perspective view of another embodiment of the stacking 
structure of the present invention; 

Figure 3B is an elevated perspective view of another embodiment of the stacking 

structure of the present invention; 

Figure 4 is a top view of another embodiment of the stacking structure of the 


□ 

i$jp present invention; 


S| Figure 5 A is an elevated perspective view of another embodiment of the stacking 

ru 

structure of the present invention; 


Figure 5B is an elevated perspective view of another embodiment of the stacking 
structure of the present invention; 
15 Figure 5C is a top view of the stacking structures depicted in Figures 5 A and 5B; 

and 

Figure 6 is an elevated perspective view of another embodiment of the stacking 
structure of the present invention. 

Common reference numerals are used throughout the drawings and detailed 
20 description to indicate like elements. 
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DETAILED DESCRIPTION 

Referring to Figure 1 A, one embodiment of a stacking structure for semiconductor 
devices using a folded over flexible substrate 100 (hereinafter stacking structure 100) is shown. 
The stacking structure 100 has a device 12 which is formed on a flexible substrate 16. The ^ 
device 12 is a fully encapsulated package which has a semiconductor die 14. The 
semiconductor die 14 may be any type of device. For example, the semiconductor die 14 may 
be a memory device, a logic device, an ASIC device, and other like elements. It should be noted 
that the listing of the above types of semiconductor dies 14 is given as an example and should not 
be seen as to limit the scope of the present invention. 

The stacking structure 100 may be a lead type of device, a Ball Grid Array (BGA) 
type of device, or a Land Grid Array (LGA) type of device In the embodiment depicted in 
Figure 1A, the stacking structure 100 is a BGA type of package. However, this should not be 
seen as to limit the scope of the present invention. A leadframe type of prepackaged device 12 
may be used and is described below. 

The device 12 is formed on the flexible substrate 16. A semiconductor die 14 is 
coupled to the flexible substrate 16. An adhesive layer 18 is used to couple the semiconductor 
device 14 to the flexible substrate 16. The adhesive layer 18 may be an adhesive film, an epoxy, 
or the like. However, the listing of the above adhesive layers should not be seen as to limit the 
scope of the present invention. The semiconductor die 14 is then electrically coupled to the 
flexible substrate 16. In accordance with the embodiment depicted in Figure 1A, wirebonds 20 
are used to electrically couple the semiconductor die 14 to the flexible substrate 16. 
Alternatively, a flip chip may be used. This will be described below. A mold compound 22 is 
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then used to encapsulate the device 12. 

The stacking structure 100 will have two or more flap portions 24 coupled to the 
device 12. The flap portions 24 are formed by providing an elongated flexible substrate 16. 
The elongated sections of the flexible substrate 16 are folded over forming the flap portions 24. 
The flap portions are then coupled to the device 12. 

The flexible substrate 16 is generally a flex tape such as a polyamide. The 
flexible tape will have one or more metal layers which are used for electrical connections. 
However, this is just one type of flexible substrate 16 and should not be seen as to limit the scope 
of the present invention. 

The flexible substrate 16 is comprised of at least two flap portions 24 which fold 
and are coupled to an upper surface of the device 12. The flap portions 24 of the flexible 

substrate 16 are then coupled to an upper surface of the device 12. The flap portions 24 are 

0 

pj folded in a manner so that it will cover only a portion of the upper surface of the device 12. The 

ru 

PJ flap portions 24 of the flexible substrate 16 will not over lap or contact each other. Thus, the 

w 

amount of flexible substrate 16 used is dramatically less than the prior art. Furthermore, by 
folding the flexible substrate 16 on multiple sides, the device 12 will have twice as much signal 
density (i.e., I/O paths) than the prior art which is only folded on a single side. 

In general, the flap portions 24 of the flexible substrate 16 are coupled to the 
device 12 using an adhesive 26. In the embodiment depicted in Figure 1A, a small amount of 
20 adhesive 26 is used to connect each end of the flap portion 24 to the upper surface of the device 
12. The adhesive 26 may be an epoxy adhesive which can be either electrically or 
non-electrically conductive. The adhesive 26 may be an adhesive tape, a paste, a thermoplastic 
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adhesive, or the like. 

Electrical contacts 28 are then coupled to the flexible substrate 16. The electrical 
contacts 28 are used provide an electrical connection to the stacking structure 10. The electrical 
contacts 28 may be a plurality of solder balls 28 A as shown in Figure 1 A or a plurality of leads as 
5 will be discussed below. 

Referring now to Figure 1B 5 another embodiment of the present invention is 
shown. In this embodiment, the stacking structure 110 is similar to that shown in Figure 1A. 
The main difference is that the adhesive 26 covers a greater area on the upper surface of the 

S - 

Q device 12. 

m Referring now to Figure 2, another embodiment of the present invention is shown. 

m 

sss 

*h In this embodiment, the stacking structure 120 is similar to that shown in Figures 1A and IB. m 

4 

1 However, in this embodiment, a second device 30 is coupled to the flap portion 24 of the flexible 

£3 

RJ substrate 16, which is coupled to the upper section of the device 12. The second device 30 may 
W be a die (i.e., flip chip) or another prepackaged device. In the embodiment depicted in Figure 2, 
% the second device 30 is a prepackaged device 3 OA. The prepackaged device 3 OA will have 
contacts 32 which will be coupled to the flap portions 24. The contacts 32 may be solder balls, 
solder paste, leads, or the like. The listing of the different contacts 32 should not be seen as to 
limit the scope of the present invention. The type of contacts will depend on the type of 
prepackaged device 30A that is being used (i.e., BGA, leadframe, etc.). The prepackaged device 
20 30A will be coupled to the flap portions 24 of the flexible substrate 16 by soldering method. It 
should be noted that additional devices may be stacked on top of the second device 30. 
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Referring now to Figure 3A, another embodiment of the present invention is 
shown. In this embodiment, the stacking structure 130 is similar to that shown in the previous 
embodiments. The main difference is that one or more devices 30B are coupled to the flap 
portion 24 of the flexible substrate 16. The devices 30B may be any type of device. However, 
a memory device or a passive chip component such as a capacitor is generally used. In Figure 
3 A, the device 30B is coupled to the flap portion 24 of the flexible substrate 16 prior to the flap 
portion 24 being folded over and coupled to the device 12. The device 3 OB may be coupled to . 
the device 12 in a plurality of different ways. In general, some type of adhesive similar to that 
previously described is used. The device 3 OB is first coupled to the flap portion 24 of the 
flexible substrate 16. Solder is generally used to couple the devices 30B to the flap portions 24, 
however, other means known to those skilled in the art of semiconductor packaging could be 
used to couple the devices 3 OB to the flap portion 24, such as flip chip bonding or anisotropic 
RJ conductive film (ACF). The adhesive layer 26 is then placed on the upper surface of the device 
12. The flap portion of the flexible substrate 24 is then folded so that the die 30B is coupled to 
15 the prepackaged device 12. It should be noted that additional devices could be mounted on top 
of the flap portion 24 of the flexible substrate 16. 

Referring now to Figure 3B, another embodiment of the present invention is 
shown. In this embodiment, the stacking structure 140 is similar to that shown in Figure 3 A. 
The main difference is that the flap portion 24 of the flexible substrate 16 is first folded and 
20 coupled to the device 12 by means of the adhesive layer 26. The devices 3 OB are then coupled 
to the flap portions 24. Solder is generally used to couple the devices 30B to the flap portions 
24, however, other means known to those skilled in the art of semiconductor packaging could be 
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used to couple the devices 3 OB to the flap portion 24, such as flip chip bonding or anisotropic 
conductive film (ACF). Again, like in Figure 3A, addition die or semiconductor devices could 
be mounted on top of the dies 30B. 

Referring now to Figure 4, another embodiment of the present invention is shown. 
5 In this embodiment, the stacking structure 150 is similar to that shown in Figures 1A and IB. 
The main difference is that the flap portions 24 are folded along four sides of the device 12. 
Like the embodiments depicted in Figures 1 A and IB, the adhesive layer 26 may be located only 
on the flap portions 26 which are in contact with the device 12 or the adhesive layer 26 may 
□ cover the upper surface of the device 12. By folding the flap portions 24 on four sides, the 
ft) device 12 will have four times as much signal density (I/O paths) than the prior art which is only 

ry 

+° folded on a single side. In order to fold the flexible substrate 16 on four sides, adjoining flap 

M 

J, portions 24A should be partially cut to narrow the size of the adjoining flap portions 24A. The 

P 

fy adjoining flap portions 24A need to be cut so that when the flap portions 24 and the adjoining 

ffi 

nJ flap portions 24A are folded, they will not over lap one another or contact each other. 

P 

Referring now to Figure 5A, another embodiment of the present invention is 
shown. In this embodiment, the stacking structure 160 is similar to that shown in Figures 1A. 
The main difference is that the contacts 28 in the stacking structure 160 are leads 28B. The 
leads 28B may be connected in a plurality of different manners. For example, the leads 28B 
may be connected by a process such as the connection of outer leads in Tape Automated Bonding 
20 (TAB). 
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Referring now to Figure 5B, another embodiment of the present invention is 
shown. In this embodiment, the stacking structure 170 is similar to that shown in Figures IB. 
The main difference is that the contacts 28 are leads 28B. The leads 28B may be connected in a 
plurality of different manners. For example, the leads 28B may be connected by a process such 
5 as the connection of outer leads in Tape Automated Bonding (TAB). 

Referring now to Figure 5C, a top view of an exemplary stacking structure 160 or 
170 having leads 28B is shown. In the embodiment depicted in Figure 5C, the flexible substrate 
16 has a plurality of traces 40 formed thereon. One or more apertures 41 are made in the 

□ flexible substrate 16. The apertures 41 are used to allow some of the traces 40 to be used as 

□ 

|j) leads 28B. The apertures 41 allow the traces 40 to be exposed thereby forming leads 26B to be 

5=3 

Tt used for connections to an external device such as a mother board or other types of circuit boards. 

ru 

The flexible substrate 16 is then folded to form the flap portions 26. The traces 40 are not 

o 

ry shown since they run inside the flexible substrate 1 6. 

5 

fy Referring now to Figure 6, another embodiment of the present invention is shown. 

o 

% In this embodiment, the stacking structure 1 80 is similar to the above embodiments. The main 
difference is that the device 12 is a flip chip 42. The flip chip 42 has a plurality of bumps 44 
formed thereon. The bumps 44 may be formed by different processes. For example, a wafer 
bumping process may be used. The bumps are generally formed of solder, gold, or other like 
materials. It should be noted that the listing of the above materials should not be seen as to limit 

20 the scope of the present invention. The flip chip 42 is coupled to the flexible substrate 16 by a 
flip chip process. A resin, film, or like material may be used for bump protection to protect 
against mechanical stress. The flap portion 24 is then folded over and coupled to an upper ' 
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surface of the flip chip 42. An adhesive 26 is used to couple the flap portion 24 to the upper 
surface of the flip chip 42. Like the embodiments depicted in Figures 1A and IB, the adhesive 
layer 26 may be located only on the flap portions 26 which are in contact with the flip chip 42 or 
the adhesive layer 26 may cover the upper surface of the flip chip 42. 
5 This disclosure provides exemplary embodiments of the present invention. The 

scope of the present invention is not limited by these exemplary embodiments. Numerous 
variations, whether explicitly provided for by the specification or implied by the specification, 
such as variations in structure, dimension, type of material and manufacturing process may be 

s - 
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0 implemented by one of skill in the art in view of this disclosure. 
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